Abstract
Results
A total of 224 participants were included in the analysis; 93% from South Africa and 94% clade C virus. No differences in HIV RNA at steady state or the trajectory over 12 months were observed for each active arm compared to placebo; tenofovir gel recipients had higher PLOS 
Introduction
Oral pre-exposure prophylaxis (PrEP) with tenofovir-emtricitabine for prevention of HIV has been recommended for high-risk individuals based on results of randomized, placebo-controlled, efficacy trials conducted among several populations. [1] [2] [3] [4] [5] [6] [7] [8] Oral tenofovir-containing PrEP was not effective in two trials among heterosexual women in sub-Saharan Africa primarily due to poor adherence to the study intervention. [9, 10] The degree of oral PrEP effectiveness demonstrated in the trials with significant benefit ranges from 42 to 86% with a direct relationship between greater adherence and higher efficacy. [11] Additionally tenofovir formulated as a 1% vaginal gel was shown to be modestly effective in one randomized trial but was not effective in two other trials. [9, 12, 13] Despite the overall success of oral tenofovir-containing PrEP, breakthrough infection with HIV occurs among PrEP users, especially with sub-optimal adherence. Additionally sporadic cases of infection despite high adherence have been recently reported in clinical practice. [14] The incidence of resistance to PrEP medications has been extensively reviewed. [15, 16] However, data are limited on other disease outcomes for individuals who acquire HIV infection while receiving PrEP. [1-5, 9, 10, 17] Investigations in animal models have demonstrated lower peak viremia and lack of CD4+ T cell depletion in acute infection in SHIV challenged macaques that acquired infection while on intermittent oral tenofovir PrEP, but the applicability of this model for understanding the outcomes of human infection with HIV with PrEP use may be limited. [18] The MTN-003 trial assessed the safety and effectiveness of daily oral tenofovir disoproxil fumarate (TDF), oral TDF/emtricitabine (TDF/FTC) and 1% tenofovir (TFV) vaginal gel for HIV prevention among HIV uninfected heterosexual women in Sub-Saharan Africa. [9] All participants who acquired HIV in the MTN-003 trial were eligible for enrollment into an established, prospective, observational cohort study (MTN-015) designed to monitor participant outcomes following seroconversion in women who had been exposed to a biomedical HIV prevention strategy. [19] We assessed the impact of the tenofovir-based investigational study products on HIV-1 disease progression among the MTN-003 participants enrolled into MTN-015.
Methods

Study population
The study population for this analysis consisted of women who acquired HIV infection during participation in the MTN-003 (VOICE) trial and who enrolled into MTN-015. MTN-003 was conducted from September 2009 through August 2012 at 15 sites in South Africa, Uganda and Zimbabwe (ClinicalTrials.gov number NCT00705679). [9] MTN-003 participants were randomized equally to each of the five treatment arms: oral TDF, oral TDF/FTC, oral placebo, vaginal TFV gel, and vaginal placebo gel. Participants who were identified as HIV infected during MTN-003 were offered enrollment into MTN-015 unless the site investigator believed the participant was unable to provide consent or adhere to the study visits. Participants were educated and informed about the study prior to enrollment.
Study design
MTN-015 was funded by the National Institutes of Health (ClinicalTrials.gov number NCT00514098). Written informed consent was obtained from each study participant. The protocol was approved initially and annually by an institutional review board or ethics committee at each study site and corresponding collaborating institutions in the US, if required (S1 Table) .
Eligible participants were enrolled into MTN-015 at the time of or at any time after confirmation of HIV seroconversion in MTN-003. MTN-015 visits occurred at enrollment and at 1, 3, 6 months after first detection of HIV seroconversion, then every 6 months thereafter with a minimum duration of follow-up of 12 months. Participants who initiated antiretroviral medications for treatment (ART) or prevention of maternal to child transmission (PMTCT) switched to a revised visit schedule with study visits 2 weeks, 1, 3, and 6 months and every 6 months following ART/PMTCT initiation.
Clinical evaluations: Study visits included medical history, physical examination, behavioral questionnaires, risk reduction counseling, and laboratory testing. World Health Organization (WHO) criteria were used to classify AIDS-defining and HIV-related events. [20] Care provided at the sites included testing and treatment of sexually transmitted infections for participants and partners, HIV risk reduction counseling, family planning counseling, and provision of contraceptives. Participants were referred for HIV care and PMTCT either within the same site or at community ART clinics with an established referral relationship with the research site. Initiation of ART and PTMCT was based on local and/or WHO guidelines in place at the time of the study. [1] In the MTN-003 study, HIV rapid testing kits were used at screening, enrollment, and monthly thereafter using the following assays: Determine HIV 1/2 (Abbott Diagnostic Division; Hoofddorp, Netherlands), OraQuick1 (Orasure Technologies; Bethlehem, Pennsylvania, USA), and Uni-Gold Recombigen1 HIV test (Trinity Biotech; Wicklow, Ireland). Positive rapid tests were confirmed by Western blot according to a standard algorithm. [9] Samples for plasma HIV-1 RNA and CD4 + T cell count were obtained at the seroconversion confirmation visit. Plasma TFV and FTC levels were measured by a validated ultra-performance liquid chromatographic-tandem mass spectrometric method in MTN-003 from plasma collected and stored at quarterly visits for all seroconverters on an active oral or gel arm as well as a subset of placebo recipients. [9, 21] Upon enrollment into MTN-015, laboratory evaluations included CD4 + T cell count and HIV-1 RNA using validated methods approved by the MTN Network Laboratory at each visit. HIV-1 genotypic resistance testing was performed at the MTN Virology Core from samples obtained at the time of seroconversion in the MTN-003 trial and results were reported previously. [9] Additionally resistance testing could be requested by the site investigator for clinical indications.
Statistical analysis
The primary objective of MTN-015 was to assess HIV disease progression 12 months postseroconversion among participants who received an active product compared to placebo participants in the parent MTN study. MTN-003 included both an oral tablet placebo arm and a vaginal gel placebo arm; the placebo arms were combined into one comparison group for this analysis. The estimated seroconversion date was defined as the midpoint between the last negative and first positive HIV rapid test in MTN-003. Change in CD4 + T cell count and log 10 plasma HIV RNA from !90 days following estimated seroconversion through 12 months after seroconversion were assessed using linear mixed effects models, where treatment arm, time (in years since HIV seroconversion) and an interaction term between the two were included as fixed effects and the intercept and time (change per year) were included as random effects with an unstructured covariance structure. , initiation of ART, or non-traumatic death. Participant follow-up was censored at the time of initiation of ART or PMTCT for all analyses, excluding those where ART initiation was the outcome. Because of low adherence to study product in MTN-003, we planned a priori to perform sensitivity analyses categorizing participants by whether or not study drug was detected in plasma at their first quarterly follow-up visit in MTN-003. Analyses were repeated comparing participants who had study drug detected compared to those who did not have study drug detected. In addition, as part of an exploratory analysis to better describe HIV disease progression by clade, we repeated the above analyses restricting the analysis population to those with clade C virus.
Results
Enrollment and characteristics of the study population
A total of 334 women were identified to have HIV seroconversion during participation in MTN-003 (Fig 1) , including 22 participants who were determined to have been acutely infected at the time of enrollment (based on the presence of HIV RNA in plasma). [9] Among the 312 women who had seroconversion while receiving study product in MTN-003, 229 (73%) were enrolled into MTN-015; 5 participants had no subsequent follow-up visits and were excluded from all analyses. The analysis population thus consists of 224 participants, 42 in the oral TDF arm, 39 in the oral TDF/FTC arm, 46 in the TFV gel arm and 97 in the combined placebo arms.
The baseline characteristics of evaluable participants at enrollment into MTN-015 by MTN-003 study arm are displayed in Table 1 . The median age was 24 years, and the majority of the participants were enrolled in South Africa (93%) and were not married or living with a partner (84%). The infecting strain of HIV was clade C in 210 (94%) participants, with relatively few participants having clades A, CRF01_AE, and D (all of the non-clade C participants were enrolled in Uganda). The median time from the first positive HIV antibody test in MTN-003 to enrollment into MTN-015 was 2.1 months (Intraquartile range (IQR) 1.2, 3.5), and the median time from the estimated seroconversion date to enrollment into MTN-015 was 2.8 months (IQR 1.8, 4.3). Samples for HIV RNA and CD4 + T cell count were collected as part of the confirmation of seroconversion visit in MTN-003; therefore the first available results may be collected prior to enrollment in MTN-015. The median time from the first positive antibody test to the first HIV RNA was 30 days and for CD4 T-cell count was 30 days. The median initial CD4 T-cell count was 562 cells/mm 3 and HIV RNA was 4.4 log 10 copies/mL. The median follow-up time from estimated seroconversion date for the study participants was 31 months with a total of 548 person-years of observation. One death was reported during follow-up in a participant from the tenofovir gel arm. The cause of death was not identified but no AIDSdefining conditions were reported. 
Clinical events and ART initiation
Twenty-one (9%) of the 224 participants reported an AIDS-defining event during follow-up. The most frequently reported event (14 participants) was unexplained severe weight loss (>10% of body weight). Seventy-four (33%) participants reported a total of 86 HIV-related events during follow-up. Unexplained moderate weight loss of <10% of body weight (62 participants; 68 events) was the most frequently reported HIV-related event.
Three (1%) participants initiated ART before enrollment into MTN-015 and were included in disease progression analyses based on follow-up time from their estimated seroconversion dates. All three participants met local CD4 + T cell treatment guidelines for ART initiation. In addition, 56 (25%) initiated ART after enrollment into MTN-015 and 13 (6%) received 
HIV disease progression
Plasma HIV RNA and CD4 T-cell counts in the first year of follow-up. A total of 160 (71%) of participants were included in the month 12 HIV viral load analysis and 161 were included for CD4+ T cell count. Of the 64 participants excluded from this analysis, 17 (27%) had received antiretroviral mediations (ART or PMTCT) before the 12-month visit, 32 (50%) did not return for a visit within the 12-month visit window although they completed a later visit, 11 (17%) were lost-to-follow-up, and 4 (6%) participants had missing values for HIV RNA, one of whom had a CD4 + T cell count result. The overall mean change from baseline to month 12 for HIV RNA was -0.2 log 10 (N = 160) and for CD4+ T cell count was -80 cells/mm
The results of the model comparing the first HIV RNA result (intercept) and HIV RNA trajectories (slope) to the 12-month visit are shown in Table 2 . No significant difference among participants assigned to oral TDF, TDF/FTC or TFV gel compared to placebo was observed for the initial viral load or for the HIV RNA trajectory to the 12 month visit. The results of the model for CD4 + T cell count are also provided in , initiation of ART, or non-traumatic death), there were 92 events observed with no significant differences among participants randomized to an active agent in MTN-003 compared to placebo (Table 3) . Similar results were seen for the models stratified by country as well as for the models limited to clade C virus only (data not shown).
Sensitivity analysis by drug detection at first quarterly visit in MTN-003. The results of the first quarterly assessment of drug detection from MTN-003 were used to define a subgroup of participants enrolled in MTN-015. The number of participants with detectable TFV and/or FTC in plasma was 10/37 (27%) for TDF, 13/38 (33%) for TDF/FTC, and 4/40 (10%) for TFV gel (5, 1, and 6 participants had missing results in the TDF, TDF/FTC, and TFV gel groups, respectively). The TFV gel group was excluded from further analysis as the number of participants with detectable TFV was low, and the TDF and TDF/FTC groups were combined. Thus the analysis population included 172 participants: 23 with drug detected and 52 with no drug detected from the combined oral arms, and 97 placebo.
A total of 119 (69%) of the 172 eligible participants had a viral load result available at the 12-month visit and prior to PMTCT or initiation of ART including 17/23 (74%) with drug detected, 34/52 (65%) with no drug detected, and 68/97 (70%) from the placebo arms; and 120/172 had CD4 + T cell results. In the linear mixed effects models, there were no significant differences in the HIV RNA or CD4 + T cell counts at baseline or the change to month 12 among participants with oral drug detected and no oral drug detected compared to placebo. There were no statistically significant differences among participants with and without oral drug detected compared to the placebo group for any of the disease progression outcomes.
Results were similar after stratifying by country (data not shown).
Discussion
In this analysis of a large cohort of women who acquired HIV infection while receiving oral or vaginal tenofovir-based PrEP, we observed no clinically significant impact of study treatment on subsequent HIV disease parameters, including viral set point and change in HIV RNA or CD4 + T cell count in the first year of infection. Post-estimated seroconversion CD4 + T cell , ART initiation, or death. This study comprises the largest cohort of seroconverters from a PrEP trial and includes participants who received oral and topical tenofovir-containing PrEP.
Several randomized clinical trials have demonstrated clear efficacy for the use of tenofovir for PrEP in men who have sex with men (MSM), heterosexual men and women, and intravenous drug users. [2] [3] [4] [5] In these studies, participants with HIV seroconversion were monitored within the parent trial, generally for a minimum duration of 6 months. In the Pre-exposure Prophylaxis Initiative (iPrEx) study of TDF/FTC that enrolled HIV seronegative MSM and transgendered women, participants with seroconversion were followed with quarterly measurements of CD4 + T cell count and HIV RNA until completion of the trial. [4] No differences were observed between iPrEX participants with seroconversion from the TDF/FTC compared to the placebo group for CD4 + T cell count or HIV RNA at the time of seroconversion or subsequently for up to 60 weeks following seroconversion. However, the number of seroconverters who were followed and median duration of follow-up was not reported. Similarly, in the Bangkok Tenofovir Study that enrolled Thai men and women who inject drugs, HIV seroconverters were seen every four months. [3] In the Bangkok study, plasma HIV RNA was reported to be lower for the TDF arm compared to the placebo arm at the visit when seroconversion was first detected, but no differences were observed at later time points (month 4 to month 24) or in longitudinal analysis. Three studies have reported more detailed outcomes of seroconverters in separate reports. [17, 22, 23] The Botswana TDF/FTC Oral HIV Prophylaxis Trial (TDF2 Study) compared 9 participants who seroconverted on TDF/FTC versus 24 participants who seroconverted in the placebo arm. [23] Among the 9 TDF/FTC participants, 4 were receiving study drug at the time of seroconversion and only 2 had detectable plasma levels. No significant differences in plasma HIV RNA values or CD4 + T cell counts were observed between the TDF/FTC and placebo recipients over a period of 120 weeks from seroconversion. Garrett, et al. reported the findings from extensive follow-up of 83 tenofovir gel and placebo participants who seroconverted while participating in the CAPRISA 004 trial. [12, 22] Although there were no differences in the median CD4 + T cell counts at quarterly intervals up to 24 months, there was a higher median HIV RNA among the tenofovir gel recipients (N = 32) compared to placebo. This difference was statistically significant only at the month 12 visit (TFV gel median HIV RNA approximately 0.5 log 10 copies/ml higher than placebo; p = 0.016) but the interpretation is complicated by an unusually high proportion of participants with viral load below the limit of detection in the placebo arm. There was no difference in time to CD4 + T cell count <350 cells/mm 3 between the tenofovir gel arm and placebo. Finally, Grant et al. have reported follow up data on seroconverters from the FemPrEP trial of daily TDF/FTC comparing 33 seroconverters in the active arm to 35 who received placebo. [17] Tenofovir and emtricitabine concentrations were measured from all available samples prior to and at the time of seroconversion, and these values were used to estimate adherence (<1 tablet/month to >5 tablets/week). The authors reported no overall differences in CD4 and HIV RNA in the active and placebo arms but there was lower initial plasma HIV RNA among participants with evidence of higher adherence compared to those with lower or no drug detected, however this difference was not sustained at later time points. [17] Interestingly, investigators from the Partners PrEP study have recently reported a similar finding of lower initial HIV RNA and viral set point among HIV seroconverters with detectable plasma tenofovir levels compared to placebo. [24] Taken collectively, these two observations suggest that some impact of tenofovir on plasma viral load may be seen with higher adherence though the frequency, duration and clinical relevance of this occurrence are not yet well understood.
There are several potential reasons why we and others have observed little impact of tenofovir-containing PrEP on HIV disease progression. The most compelling reason is that in efficacy studies to date, only a minority of participants with seroconversion had detectable tenofovir at the time of seroconversion, and in many cases, adherence to the study product among those who seroconverted was poor throughout the trial period. [25] Thus there is minimal drug present with limited or no effect on the disease condition and rare development of drug resistance mutations. [15] Additionally, the currently approved medications for PrEP have relatively short half-life thus limiting exposure to the antiretroviral during periods of nonadherence. It will be critical to perform careful follow-up of participants who become infected during studies of investigational long acting depot formulations such as rilpivirine and cabotegravir due to the prolonged but sub-therapeutic plasma levels that are observed with these drugs after discontinuation of injections. [26, 27] The findings of our study were limited by the low overall study product adherence in MTN-003. [9] When our analysis was restricted to the oral TDF/FTC participants with tenofovir detected at the first quarterly study visit, we again found no differences in disease progression; however, statistical power was limited, and unfortunately we did not have available samples for measurement of intracellular concentrations of tenofovir and emtricitabine, or for evaluation of drug concentrations at the time of first detection of seroconversion in most participants. Detailed analysis of the VOICE pharmacokinetic data has established that the majority of participants with detectable levels at the first quarterly time point will have detectable levels at subsequent visits.
[28] Additionally, we were not able to assess for differences in HIV disease progression by HIV clade due to small numbers of participants infected with non-clade C virus; however, previous studies have demonstrated no differences in viral load by clade. [29] In summary, we observed similar HIV disease outcomes in women who were receiving tenofovir-based oral or vaginal pre-exposure prophylaxis compared to placebo in the MTN-003 trial-similar to other studies these data are limited by the overall low adherence to the study products. Although reassuring, longitudinal follow-up of seroconverters from ongoing and future trials of antiretroviral drugs used for prevention are necessary to inform policy and best practices for PrEP. 
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